Introduction
Opioid use disorders are defined by a problematic pattern of substance use that leads to clinically significant impairment in different areas. ICD-10 [1] and DSM-IV [2] define opioid dependence as a chronic medical disorder characterised by a cluster of somatic, psychological and behavioural symptoms. Both classification systems follow a categorical approach and list 11 symptoms for opioid use disorders. The recently published DSM-5 [3] uses a dimensional approach and also lists 11 symptoms for substance use disorders, including opioid use. The presence of 6 or more symptoms indicates a severe use disorder; 4-5 are moderate and 2-3 are mild ones.
Opioid dependence is a chronic relapsing disorder with a significant mortality rate [4] [5] [6] and a high rate of psychiatric and somatic comorbidities. The non-medical use of opioids, including heroin, represents a significant public health problem. Epidemiological studies indicate that the worldwide prevalence of opioid use disorders is about 0.4% in individuals aged and that there are 15.5 million opioid-dependent people worldwide [7] . Epidemiological data suggest that in the European Union, prevalence rates for opioid consumption have declined in recent years [8] ; however, there are still about 1.3 million individuals with problematic opioid use in the EU, with a prevalence of about 0.4%. The drugs of choice have shifted somewhat from heroin towards other opioids, including methadone, buprenorphine and fentanyl [8] .
In the United States, some 3.7 million individuals have used heroin at least once in their lives and 750,000-1,000,000 individuals are currently heroin dependent [9, 10] . The World Health Organization (WHO) estimates that the burden of harm from opioid use is 11.2 million disability-adjusted life years (DALYs) [11] and the Global Burden of Disease study estimates that the burden of harm from opioid dependence is 9.2 million DALYs [5, 12] . In addition, the United States in particular has an epidemic of opioid prescription drug use and has recorded multiple deaths associated with an overdose of opioid pain killers, including many accidental poisonings in children [13, 14] .
Opioid maintenance treatment is a well-established first-line approach for opioid dependence. Methadone, buprenorphine or the combination of buprenorphine and naloxone is frequently used [15] [16] [17] [18] [19] . Methadone and buprenorphine have proven efficacy and are widely used in opioid dependence [review by 16, [20] [21] [22] [23] [24] . However, only a few long-term studies have been performed, mostly in patients in methadone maintenance [25, 26] . In addition, patients in studies of opioid agonists are hardly representative of the majority of opioid users and individuals with concurrent disorders are usually excluded [27] . Previously, we reported the 1-year outcome of a large sample of opioid-dependent patients treated in various naturalistic outpatient settings in Germany provided by specialized substitution centres and office-based doctors [28] . Here, we report the long-term outcome (6 years) of these patients.
This prospective, longitudinal 6-year observational naturalistic study describes the course and outcome of patients in routine maintenance treatment in Germany. A random sample of patients was recruited at a nationally representative sample of maintenance settings. The study addressed the following questions: (1) what is the 6-year outcome in terms of retention, mortality and abstinence (or transfer to abstinence treatment)? (2) What is the 6-year outcome in terms of the reduction of concomitant drug use and improvement of patients' somatic and mental health status?
Methods

Design
Details of the study and the 1-year outcome have been reported in detail elsewhere [19, 24, 28, 29] . In brief, this was an observational 6-year prospective longitudinal study in an unselected prevalence sample of patients in maintenance treatment at a nationally representative sample of all substitution doctors in Germany [24, 28] . The study included a comprehensive baseline and a 12-and 72-month follow-up. Assessments consisted of a self-report patient questionnaire, urine tests and a comprehensive clinical interview and treatment documentation by the treating doctor.
Participants
Initially, a random sample of 379 doctors from a nationwide register of over 2,500 licensed and registered doctors qualified to conduct opioid maintenance therapy was invited to participate in the study; 223 agreed to participate (response rate: 58.8%). The sample was stratified to include a sufficiently high number of different settings and their patients. Settings ranged from officebased, mostly primary care settings, to office-based doctors to large-scale, specialized substitution centres. For further details, see Wittchen et al. [24, 28] .
At baseline, a total of n = 2,694 patients were enrolled from these 223 settings. The total baseline response rate of all eligible patients was 71.7%. The enrolment and all assessment procedures were checked by external monitors, for example, by comparing the initial list of all patient characteristics with those on the patient assessment forms.
All patients aged at least 16 years with current opioid dependence who were currently in agonist maintenance therapy with either buprenorphine or methadone were eligible for the study. Exclusion criteria included acute medical emergencies ( n = 11 excluded), cognitive impairments severe enough to compromise meaningful completion of the self-report forms ( n = 21), unwillingness to comply with study procedures, including the mandatory urine tests ( n = 17), and not being fluent in German (exact n is unknown, but only very few participants were excluded for this reason). Each patient gave written informed consent and the study protocol was approved by the Ethics Committee of the Medical Faculty, Technische Universität Dresden, Germany. Figure 1 describes the flow of the original n = 2,694 patients from baseline through the follow-up periods and the respective intermediate assessments. A total of n = 45 doctors who had been treating n = 471 patients were not available at the second follow-up (T3; 3 doctors had died, 14 settings had been resolved and 28 doctors had discontinued their study participation for various reasons); however, we found 61 of the patients from these 45 doctors in other medical practices. Thus, information was documented for n = 2,284 patients (conditional response rate: 71.1%). Of these 2,284 patients, n = 1,624 were assessed for outcome at the final comprehensive 72-month follow-up inves-tigation (T3); n = 660 patients were lost to follow-up between T2 (12-month follow-up) and T3, as follows: n = 80 patients discontinued treatment within the observation period because of changes of residence, imprisonment for longer periods of time or changes in maintenance treatment (change in doctor or type of substitution drug); the treating doctor decided to discontinue maintenance therapy for an additional n = 6 patients for disciplinary reasons, mostly because of serious concomitant drug use; and n = 574 of the patients were not assessed at some point during the 72-month period for various other reasons. In total, n = 1,070 patients were lost to follow-up during the 72-month observation period.
Follow-Up, Reasons for Non-Participation and Drop Out
Among the patients assessed for outcome at the final follow-up ( n = 1,624), 1,147 patients had full outcome information, 346 had primary outcome information only and 131 patients had died (one additional patient was treated with codeine, for details on mortality see [19] ). Among the n = 1,493 patients alive and assessed for outcome at T3, n = 1,216 were treated with methadone, n = 270 with buprenorphine and n = 7 with other drugs (not further dealt with in this paper). Of the 1,147 patients will full outcome information, 208 patients completed the maintenance treatment within the observation period, either because they became "clean" (i.e., successfully terminated treatment) or because they were referred to an abstinence treatment setting. Additional interviews with doctors were conducted when necessary to ascertain patients "abstinence" status (see outcome criteria).
The analyses reported in this paper are thus based on n = 1,493 patients for whom follow-up and course information was obtained. Separate analyses were also performed for the n = 1,147 patients who were still in treatment at the 72-month follow-up assessment (i.e., excluding those who were not retained in treatment, had died or became abstinent) for whom complete baseline and follow-up documentation were available.
Assessment
The patient questionnaire consisted largely of various components of established instruments such as item groups of the European Addiction Severity Index (EuropASI) [30] and modules of the substance use questions of the WHO Composite International Diagnostic Interview (CIDI) [31] . The patient questionnaire covered the following domains: (i) basic biosocial and socio-demographic information, (ii) social and legal life developmental history and status ratings, (iii) past and current drug use and illness history module (CIDI), (iv) mental health and substance use diagnostic status (DSM-IV substance use and other mental disorders by CIDI), (v) self-reported physical disorders (e.g., hepatitis C, HIV), (vi) past and current social role impairments, disabilities and problems specific to drug use, (vii) past and current treatment history, (viii) met and unmet subjective needs, (ix) current and past experiences with treatments, (x) quality of life [32] and (xi) risk behaviours (e.g., needle sharing, unprotected sexual behaviour). 100 Clinical Interview and Assessment The doctor evaluated each patient with a standardized interview and appraisal that covered (i) current and past maintenance treatments along with documentation of onset and interruption of all lifetime treatment episodes (e.g., dosage, dosing status), (ii) licit and illicit substance use behaviours and substance use, including severity ratings, (iii) past and current physical and mental disorders, the severity of which was rated with the Clinical Global Impression scale [33] , and current and past treatments (e.g., mental and selected somatic disorders, e.g., HCV and HIV status), (iv) multidimensional evaluation of social and psychological functioning, (v) past and current maintenance-related interventions, (vi) compliance and problems of management, (vii) individual treatment targets, (viii) an abbreviated EuropASI rating to assess treatment needs and (ix) ratings of health risk behaviours (needle sharing, etc.). No formal training was provided for the EuropASI administration.
Urine Drug Screens All patients underwent standardized urine drug screenings, supervised by a nurse, at baseline and all follow-ups. Drug screening tools were provided by the study centre (certified Elisa test, immunochromatography, test-kit Drug screen Multi 10; von Minden GmbH, Germany). Screening was performed for methadone, buprenorphine, other opiates, cocaine, amphetamines, methamphetamines, benzodiazepines and cannabis.
Measures
Retention was defined as the number of weeks that elapsed between study entry and the last week in opioid maintenance treatment assessed at 3-month intervals. Retention rates were calculated for the total sample without those who had become abstinent. Mortality was defined as any death occurring during the follow-up period and after study entry, irrespective of the cause of death. Abstinence/abstinence treatment was defined as successful discontinuation of maintenance treatment by the doctor, either because the patient was considered to be clean (no positive opiate urine screens for 4 weeks) or because of change to abstinence treatments. Information about abstinence was based on the treating doctor's rating in the follow-up interviews and a negative urine test, without consideration of whether treatment was continued or discontinued. Additionally, separate telephone interviews were conducted with these doctors 2-4 months later to confirm whether patients were still abstinent. Only patients who were confirmed to be still abstinent at this 2nd interview were counted as abstinent. Concomitant drug use was defined as a positive urine sample on the day of the personal examination (baseline and follow-ups). Any positive screening for non-prescribed opiates (methadone, buprenorphine, others such as codeine), cannabis, cocaine, methamphetamine, amphetamine, benzodiazepine and hallucinogens was counted. The presence of methadone in buprenorphine patients was counted as concomitant drug use and vice versa. Somatic health and mental health were defined as the presence of clinicianrated ICD-10 diagnoses of 9 explicitly described groups of somatic disorders (e.g., cardiovascular conditions, liver diseases) with an open entry question, and 12 groups of mental disorders. Doctors were encouraged to code all applicable diagnoses definitely present during the past 12 months. In addition, the Brief Symptom Inventory (BSI) total score was used to evaluate changes between baseline and follow-up in the past week self-reported psychopathology.
Statistical Procedures
We used multiple imputation with chained equations and applied the procedure ICE in Stata, version 12.1. Twenty imputed data sets were created with a total of 324 imputed variables (239 from T3 and 85 auxiliary variables from prior assessments) related to substitution, treatment, morbidity and socio-demographic status. The variables were sorted in ascending order by the fraction of missing data and filled by regressing on the respective chosen predictors. This procedure was cycled 10 times over all variables to achieve convergence.
For the 1,147 patients who had full outcome data at T3, data imputation was first based on 13 core predictors with few missing values (education, age, professional and educational status, substitution status, number of substitution drugs, duration of maintenance treatment, ASI severity index, BSI severity index; if necessary, these were in turn imputed by using the remaining variables and pre-measurements of the respective variables as predictors). Then we added pre-measurements of the respective variable and other measures from either the doctor or the patient taken from similar domains (e.g., mental problems and physical diseases used to predict mental problems) that predicted the respective variable. Among the included variables, a backward selection was conducted if necessary (too few cases, empty cells, collinearity) to obtain more stable predictions. For each imputed variable, the regression model was chosen in accordance with the distribution of that variable (linear, logistic, cumulative logistic, negative binomial regression).
For 346 patients, information only on the primary outcome variables was available. Consequently, multiple imputation by chained equations could not be performed because it would have resulted in the missing values being replaced by the overall mean values. The selected variables of the doctor questionnaire and patient self-report as reported above were imputed by a regression approach that included the following predictor variables: age, gender, professional status, family status, type of substitution at T0 and T3, years of opiate use, years since first maintenance treatment and number of months of current maintenance treatment. Additionally, mental and somatic diseases at T3 were also predicted by the disease status at T0.
The variables observed at T0 predicted the T3 variables, including missing values, by logistic regression models for categorical variables and by linear regression models for dimensional variables. The few missing values in the T0 predictor variables were imputed by their mean values. Table 1 presents the baseline demographics and selected structured clinical interview information for the total sample.
Results
Socio-Demographic and Selected Clinical Characteristics of the Study Sample
Full outcome at T3 was reported for 1,147 patients and primary outcome only for 346 patients.
Discontinuation, Death and Abstinence in the Total Sample and by Provider Setting
Overall, at the end of the 6-year observation period, 1,144 out of 1,493 (76.6%) patients with primary or full outcome data were retained in treatment and 349 out of 11,493 (23.4%) were no longer in maintenance treatment. Among these 349 patients, 140 of 1,493 (9.4%) were opiate free (abstinent), 28 out of 1,493 (1.9%) were currently in inpatient treatment, 15 out of 1,493 (1.0%) in prison and 124 out of 1,493 (8.3%) had an unclear outcome.
747 out of 1,493 (50.0%) had a stable outcome in maintenance treatment, 207 out of 1,493 (13.9%) an unstable outcome (on and off, change of treatment setting).
Changes in Concomitant Drug Use, Somatic and Mental Health
The Europ-ASI and BSI scores ( Table 2 ) indicated a significant improvement of all domains assessed over time. The data on concomitant drug use indicated a significant improvement of drug intake (opioid use) from baseline (T0) to the 72-month follow-up (T3, see Table 2 ). The urine 102 findings indicated that benzodiazepine use was underreported and that about 20% of patients were using benzodiazepines at T1 and T3. Alcohol and cannabis use was more frequently reported and increased over time, while urine testing suggested a decline for cannabis (and cocaine) use.
Discussion
Opioid dependence is a global problem that causes numerous social, medical and legal problems [5, 7, 11, 12] . Although psychotherapy and psychosocial treatment are effective in substance use disorders [34] , opioid maintenance therapy is a well-established first-line treatment and widely used for opioid dependence [16, 23] and is recommended by numerous treatment guidelines [10, 18, [35] [36] [37] .
The findings from this large, nationally representative sample of opioid-dependent patients underline the effectiveness of opioid maintenance treatments with methadone and buprenorphine. Overall and most importantly, the data from this long-term follow-up indicate a high retention rate, with over 70% of patients still in treatment after 6 years -most in stable maintenance treatment -and a rather low rate of opioid-abstinent patients (about 9%). While reported opioid use clearly decreased, cannabis and cocaine use increased over time, although urine testing for drugs suggested a decline. Probably many individuals used these drugs only sporadically and not continuously, as reflected by the toxicological data. Benzodiazepine use was underreported and remained stable over time; urine testing indicated that about 20% of participants were using benzodiazepines. Polydrug use remains a major con- cern in these patients. The relatively high number of individuals with alcohol use found in this study corresponds to similar findings in other studies (for review see [38] ). This cohort still had a significant mortality rate, which did not decline substantially over time [19] , but it was lower than usually found in opioid-dependent patients. In comparison to findings from a meta-analysis by Degenhardt et al. [4] , these data indicate comparably low mean crude annual mortality rates of 1.0% and 1.2 per 100 patient years, probably reflecting the beneficial effect of opioid maintenance treatment.
Somatic and psychiatric comorbidity showed some improvement, but many patients still had a significant number of other medical or psychiatric disorders over the course of the study. In general, there is substantial clinical evidence that opioid maintenance treatment has proven efficacy in reducing opioid consumption, psychosocial and medical morbidity and in increasing treatment retention rates and social functioning in opioid addicts also in the long run [16, 23] .
In line with findings from previous clinical studies [20, 24] , our data, which cover a longer time period than most studies, demonstrate low mortality rates of about 1% and a relatively high 6-year retention in treatment of about 70%. Noteworthy is that a similar mortality rate was recently reported in a 4.5-year (mean) follow-up study of patients who had been randomized in an opioid treatment programme to receive open-label methadone or buprenorphine/naloxone [26] . Furthermore, Evans et al. [39] found a 3.2% mortality rate in 32,322 individuals in pharmacological treatment over a 2.6-year (mean) treatment period; mortality was highest when individuals were out of treatment and during detoxification, particularly in the 2-weeks post-treatment entry. Degenhardt et al. [40] estimated the mortality reduction in opioid maintenance therapy to be 29%.
Although a number of long-term studies have been performed in opioid-dependent individuals [41, 42] and numerous short-term clinical and experimental studies have examined the efficacy of opioid maintenance therapy [16, 23] , relatively few studies have studied opioid-dependent patients in opioid maintenance treatment over long time periods. Fifteen-year follow-up data from a small group of Swedish methadone patients indicate that an opiate-free life can be achieved [43] , but most studies agree that opioid-dependent patients with and without maintenance therapy have a high risk for inpatient treatments and detoxification [44] . An important 15-year follow-up of an Israeli sample ( n = 613), published by Peles et al. [6] , found that patients staying longer in treatment had a lower mortality rate. Predictors of survival were under 40 years of age at admission, living with a partner, being hepatitis B sera-negative, no benzodiazepine abuse, being referred from hospital to maintenance treatment and not leaving treatment for hospitalization. The last 2 variables also predicted longer retention and no opioid and benzodiazepine abuse, among others. In this study, no psychiatric diagnosis was a positive predictor, while Maremmani et al. [45, 46] found the opposite result. A 4.5 years' prospective study in Macao also showed a high long-term retention of patients in opioid maintenance therapy [47] . An interesting registry-based study for methadone programs was published by Huissoud et al. [48] . The probability of remaining on treatment was 69% at 1 year and 45% at 3 years ( n = 1666). Data from Canada indicate that long-term retention over 36 months is achieved only in 20-25% of all patients in methadone treatment, while 12-month retention figures fell from 45.9% in 2001 to 40.5% in 2005 [49] .
The strengths of our study are its reliance on a large nationally representative and heterogeneous sample of maintenance treatment providers and a random sample of their patients, the 6-year duration of the observation period and the coverage of a wide range of variables describing course and outcome, including urine drug tests. In addition, relevant follow-up information was available for a majority of patients even after about 6 years. Noteworthy limitations of the study are that it was a strictly observational, naturalistic study and not a randomized control group design. Thus, causal inferences are not possible and any causal conclusions regarding the effects of different treatments and settings need to be interpreted with caution. Further limitations are as follows: (i) initially, only 59% of eligible settings participated and no information is available whether non-participating settings differed from those that participated [see 24] ; (ii) patients not fluent in German were excluded from the study because of the assessment instruments, so we could not assess whether patients with a migration background have a worse outcome than those included in this study; (iii) no formal interviews with standardized psychiatric assessment instruments could be used in this study; and (iv) data on somatic comorbidity (HIV, hepatitis) were collected on the basis of clinical and interview data and no formal screening or testing was performed at T3 (6-year follow-up). Our outcome data basically rely on interviews with treating doctors and patients and additional data on psychiatric outcome could help to further elucidate predictors of outcome.
Taking into account these limitations, this study provides several basic findings:
(1) The retention rate in routine care is relatively high, also in the long term. (2) The annual mortality rate is lower than those usually found in untreated populations. (3) The overall level of psychiatric and somatic symptoms decreases over time. (4) Opioid abstinence is possible, but rather rare.
Future studies may especially address individuals with a less favourable outcome and strategies to optimize transition into drug-free living.
